The electrical DC conduction behaviour of force sensing resistors composites based on carbon black and poly(ethyl acrylate/methyl acrylate) (50/50) is presented. The carbon black concentration used in the present communication were 5, 10, 20, 25, and 30 % wt. It was found that the conductivity behaviour of the material is fully explained with the percolation model, up to 25 % of CB concentration. There exist a correlation between the external pressure applied to the composite and the percolation state; the higher the pressure the better the percolation state.
Introduction
In the last few decades, one of the technologies which has attracted the attention of researchers in Materials Science, is the production of polymer-based conductive materialsl':". Among other reasons one can mention the broad range of applications these material have and also because of the engineering advantages they present, such as mouldability, lightness, environmental resistance, etc.. One of the most recent developments of these conductive materials is the so-called force sensing resistors (FRS's)[ll, which are capable of changing their conduction behaviour when an external force is applied. There exist many potential practical applications in electronic industry, ranging from keywords, scales, drawing tablets, etc. Accordingly, in the present work, the preparation and electrical conduction characterisation of polymer-based, force-sensing composite is presented, aiming to understand the influence of the variables involved in the fabrication and operation process.
Experimental
The carbon black (CB) used for fabricating the conductive composites, according to ASTM D 1765 standard, was of the type N-326. The CB at concentrations of 5, 10, 20, 25, and 30 % was mechanically mixed with poly (ethyl acrylate/methyl acrylate) (50/50). The synthesis and characterisation of this polymer is reported elsewhere''". After mixing at room temperature, the blend was annealed for 2 days at 100°C to eliminate the excess water. Finally the dried conductive material was hot pressed at 60°C and 480 psi to obtain a film. The measuring set up utilised to obtain the conduction behaviour is fully explained elsewhere-".
Results and discussion Figure I shows the experimental conductivity values of the samples elaborated in the present work as well as the theoretical ones calculated by using the percolation model Pl , being the basic formula as follows:
where, VR and vs are the volume fraction of the rigid and the soft phase respectively, and vc is the percolation threshold concentration. Besides, the electrical conductivity of the composite Kc is defined by:
where, K R y Ks are the electrical conductivity of the rigid and soft phase, respectively.
As can be observed there, the experimental conductivity of the samples is well fitted up to a CB concentration of 25 % wt, by the theoretical approach employed. After this critical concentration, all the experimental conductivities have higher values than those predicted by the model. Figure 2 shows the geometrical parameter, (3, and the concentration threshold, vc, calculated by the percolation model as a function of the pressure applied to the material. As observed, the higher the pressure the lower the (3, indicating that a better percolation state is being reached. On the other hand, the Ve goes towards a constant value as the pressure is increased. This value (0.17 by volume) corresponds exactly to the calculated theoretically percolation threshold for a body-centred cubic three dimensional lattice l8 ]. This finding indicates that, quite likely, the CB is dispersed in the polymer matrix following this arrangement on the average.
Conclusions
The results show that it is indeed possible to produce a low cost, highly reproducible forcesensing composites, provided a good knowledge of their percolation behaviour is obtained. Carbon black content up to 25 % wt produces a pressure-conduction behaviour which is well explained by a percolation model, assuming a bbc topology 
